Background and Objectives: Epidural anesthesia decreases the core temperatures triggering vasoconstriction and shivering, presumably by increasing apparent (as opposed to actual) lower-body temperature. We therefore tested the hypothesis that epidural anesthesia also increases the overall perception of warmth.
S
pinal and epidural anesthesia significantly decrease the thresholds (triggering core temperatures) for vasoconstriction and shivering by Ϸ0.5°C. 1, 2 The mechanism by which neuraxial anesthesia impairs central thermoregulatory control remains unclear. However, Emerick et al. 3 proposed that skin temperature was a key factor. The entire skin surface contributes Ϸ20% to activation of cold defenses. 4, 5 The legs constitute about half the body surface area; leg skin temperatures therefore contribute about 10% to autonomic thermoregulatory defenses. 3 Vasoconstriction and shivering thresholds, for example, are therefore reduced about 0.5°C for each 4°C increase in leg skin temperature.
Cold-receptor activity predominates at normal leg skin temperatures (i.e.,Ϸ33°C). 6 Although epidural or spinal anesthesia blocks all thermal input, the consequence of the predominance of cold signals in the afferent input at normal leg skin temperatures will be that mostly cold signals are blocked. A likely consequence is that the autonomic regulatory system will then interpret this loss of tonic cold signal as relative leg warming. The normal thermoregulatory response to leg warming, whether apparent or actual, is reduction in the vasoconstriction and shivering thresholds. The theory has not been directly tested. However, Emerick et al. 3 showed that a lower-body skin temperature near 38°C was required to reduce the shivering threshold to the same extent as epidural anesthesia. This suggests that apparent (as opposed to actual) leg skin temperature is near 38°C during epidural anesthesia.
Behavioral thermoregulation is defined by volitional responses to thermal discomfort (i.e., putting on a sweater or closing a window). Behavioral and autonomic thermoregulatory control is not necessarily synchronous. For example, while skin temperature contributes 20% to control of autonomic cold defenses, 4, 5 it contributes 50% to behavioral responses. 7 It remains unknown whether perturbations in skin temperature comparably alter thermal sensations and input to autonomic thermoregulatory control.
The study of Emerick et al. suggests that leg skin temperature during epidural anesthesia, as interpreted by the autonomic thermoregulatory system, is near 38°C -a value that far exceeds typical skin temperature. To the extent that autonomic and behavioral thermoregulatory responses are synchronous, epidural anesthesia would thus be expected to substantially increase the sensation of leg warmth and, therefore, overall warmth. We therefore tested the hypothesis that perceived thermal sensation during epidural anesthesia and a normal leg skin temperature near 34°C is similar to perceived thermal sensation without epidural anesthesia and a leg skin temperature near 38°C.
Methods
With approval from the Committee on Human Research at the University of San Francisco, California and written informed consent, we studied 8 healthy female volunteers. Studies were restricted to the first 10 days of their menstrual cycles. None used any medications other than oral contraceptives. The volunteers avoided alcohol for 24 hours before the study and fasted for 8 hours before arriving in the laboratory. They were minimally clothed and positioned on a standard operating table during the study. Ambient temperature was kept constant near 22°C and humidity was controlled to Ϸ40%; to avoid circadian fluctuations, studies were scheduled near 10:00 AM each day.
Protocol
Volunteers each participated on an untreated control day and on a separate epidural anesthesia day. At least 48 hours separated the treatments, and the order of the 2 study days was randomly assigned. On the epidural day, the volunteers were prewarmed for 45 minutes 8 with surface heating to decrease redistribution hypothermia. 9 An 18-gauge catheter was inserted in a left forearm vein for fluid and drug administration. Five hundred milliliters of lactated Ringer's solution warmed to body temperature was infused (Ranger; Augustine Medical, Inc, Eden Prairie, MN). After skin infiltration with local anesthetic, the epidural catheter was positioned at the L3-4 interspace. Three milliliters of 1.5% lidocaine with epinephrine 1:100,000 was then injected into the epidural catheter. This test dose was followed by injection of 15 mL of 0.5% ropivacaine. Additional ropivacaine was administered as necessary to produce a bilateral sensory block to approximately the T11 dermatome.
On each study day, upper-body skin temperatures were kept constant. Lower-body skin temperature was randomly assigned to 6 different temperatures (31°C, 32°C, 33°C, 34°C, 35°C, and 36°C). Upper-and lower-body skin temperatures were manipulated with a circulating-water mattress and forced air (Bair Hugger and a Polar Air prototype; Augustine Medical, Inc). Each target temperature was maintained for 15 minutes.
Measurements
Core temperature was measured at the tympanic membrane using Mon-a-Therm thermocouples (Mallinckrodt Anesthesiology Products, Inc, St. Louis, MO). The aural probes were inserted by the volunteers until they felt the thermocouple touching the tympanic membrane. The aural canal was occluded with cotton, and the ear covered with a gauze bandage. Mean upper-and lower-body skinsurface temperatures were calculated as previously described from measurements at 15 area-weighted sites. 10 Temperatures were recorded at 5-minute intervals from thermocouples connected to IsoThermex (Columbus Instruments, Columbus, OH) thermometers having an accuracy of 0.1°C and a precision of 0.01°C.
Heart rate and arterial oxygen saturation were monitored continuously using pulse oximetry. Oscillometric blood pressure was also recorded at 5-minute intervals. Bilateral sensory block level was determined by loss of cutaneous cold sensation and response to pinprick at each target lower-body skin temperature.
Shortly after induction of epidural anesthesia, the volunteers were asked if they felt warmer than before. After 15 minutes at each target lower-body skin-surface temperature, volunteers were asked to rate their overall thermal sensation with a visual analog scale (VAS) ranging from 0 to 100 (0 ϭ unbearable cold; 100 ϭ insufferable heat). The volunteers thus rated how warm or cold they felt, rather than their temperature per se or whether their thermal environment made them comfortable or uncomfortable. Their evaluation was based on overall sensation rather than lower-body sensation alone. This evaluation was performed 3 times at each target temperature over an interval of a few minutes.
Data Analysis
The 3 thermal sensation measurements at each lower-body skin temperature were averaged. Hemodynamic responses, core temperature, and upper-body skin temperature at the end of each 15-minute steady-state target skin temperature period were first averaged within each volunteer on each study day. These values were then averaged among the volunteers for each study day. Dermatomal block levels were similarly averaged first within each volunteer, and then among the volunteers.
Differences between the treatment days were evaluated with 2-tailed, paired t-tests. Data are presented as means Ϯ SD; P Ͻ .05 was considered statistically significant. Lack of physiologically important changes in core and upper-body skin temperatures were confirmed by inspection. The lower-body skin temperature producing comparable thermal sensation on the control and epidural days was also determined by inspection (i.e., the intersection of the VAS v skin-temperature curves on the 2 study days).
Results
Volunteers were 27 Ϯ 4 years old, weighed 61 Ϯ 5 kg, and were 165 Ϯ 5 cm tall. Epidural anesthesia was performed with ropivacaine 78 Ϯ 18 mg, and resulted in a sensory block level of T11 Ϯ 0.2 dermatome. Blood pressures were comparable on each study day, but heart rate was significantly greater during epidural anesthesia (Table 1) . Core and upper-body skin-surface temperatures remained nearly constant on each study day (Fig 1) .
VAS scores (in millimeters) for thermal sensation on the control day increased as an almost linear function of lower-body skin temperature (T lb in°C): VAS ϭ 9.1 ⅐ T lb ϩ 7.8, r 2 ϭ 0.99. VAS scores for overall thermal sensation were near 47 mm at each designated lower-body skin temperature during epidural anesthesia (Fig 2) . Induction of epidural anesthesia did not make the volunteers feel warmer. Thermal sensation scores with and without epidural anesthesia were comparable when lower-body skin temperature was near 34°C.
Discussion
The purpose of our current study was to extend our general theory by showing that epidural anesthesia also disproportionately increases the conscious sensation of warmth. In this regard, we failed completely: thermal sensation with and without epidural anesthesia was comparable when lowerbody skin temperature was only 34°C -an essen- tially normal skin temperature. This value is considerably less than the 38°C that would be required to confirm our hypothesis. There are at least 4 potential explanations for this difference.
The first is simply that bias, measurement error, or systemic protocol errors invalidate our current or previous results. 3 However, both were carefully controlled laboratory studies and we do not believe that the results themselves are wrong. A second potential explanation is that comparison between our current or previous results is confounded by subtle differences between the protocols. For example, upper-body skin temperature in the study of Emerick et al. 3 was nearly 36°C, whereas it was controlled to 33°C in our current study. However, none of these differences seems sufficient to account for the observed differences.
A third potential explanation for the difference between our current and previous results is that epidural anesthesia influences autonomic and behavioral thermoregulatory responses differently. Epidural anesthesia has a distinct effect on the nerves connecting lower-body thermal receptors to the spinal cord and higher centers. However, the effect of blocking thermal signals from the legs may be interpreted differently by the autonomic system that controls shivering and the behavioral system that controls thermal sensation.
Both autonomic and behavior thermoregulation are complex, multi-modal, and redundant systems that defy precise anatomical correlation. There is, nonetheless, some evidence to suggest that the anterior hypothalamus dominates autonomic control whereas the posterior hypothalamus contributes more to behavioral control. 11 Furthermore, skin temperature contributes a far greater fraction to behavioral 7 than autonomic 4 responses. Behavioral and autonomic responses are also known to diverge under other circumstances. For example, hypothalamic cooling produces autonomic responses but does not provoke behavioral thermoregulatory defenses. 12 Our current and previous 3 results are thus not necessarily inconsistent because epidural anesthesia may reduce the shivering threshold by increasing lower-body temperature that is apparent to the autonomic system without comparably increasing the sensation of warmth.
There is a final potential explanation for the differences in apparent lower-body skin temperature as determined by autonomic and behavioral responses. Our general theory of why epidural anesthesia reduces the shivering threshold may simply be wrong. This remains a substantial possibility because our previous study 3 determined apparent leg temperature under the assumption that the theory was correct but did not independently validate the theory.
A recent study suggests an alternative mechanism by which epidural anesthesia might reduce the shivering threshold. Hodgson et al. 13 have shown that epidural anesthesia halves the minimum alveolar concentration (MAC, a measure of anesthetic action) of the volatile anesthetic sevoflurane. Volatile anesthetics 14, 15 produce concentration-dependent decreases in the vasoconstriction and shivering thresholds. Volunteers in our previous 3 and current studies were not anesthetized or even sedated. But to the extent that epidural blocks reduce anesthetic requirement, they may have a sedative action. This is relevant because a wide range of sedatives also reduces the thresholds triggering thermoregulatory defenses against hypothermia. [16] [17] [18] It thus remains possible that reduction of the shivering threshold during epidural anesthesia results from a sedative action of neuraxial blocks rather than an increase in apparent leg temperature.
In summary, we tested the hypothesis that epidural anesthesia increases the overall sensation of warmth. Sensation was determined over a range of lower-body skin temperatures with and without anesthesia. Thermal sensation on the 2 study days was comparable when lower-body skin temperature was 34°C -an essentially normal skin temperature. This value is considerably less than the 38°C that would be required for consistency with a previous study based on shivering rather than thermal sensation. These data thus suggest that autonomic and behavioral thermoregulatory consequences of epidural anesthesia differ -or that our previously proposed explanation for reduced vasoconstriction and shivering thresholds during epidural anesthesia is incorrect.
